I. INTRODUCTION
One of the most useful tools applied to understand the dynamics on multidimensional potential energy surfaces has been accurate three-dimensional quantum mechanical calculations. 1 Of particular note have been the insights obtained from a detailed theoretical analysis of the dynamics of the van der Waals complexes composed of a rare gas atom and a diatomic halogen molecule. These studies have reproduced a large quantity of experimentally determined parameters, such as binding energies, vibrational predissociation lifetimes, and fragment vibrational and rotational distributions. In some cases, the confidence assigned to the calculated quantities is sufficient to allow tests of model rare gas/halogen potential energy surfaces. 18, 19, 24 In other situations, the calculations have provided physical models for the dissociation of complexes, such as the demonstration of intramolecular vibrational redistribution in the dissociation of the ArCl 2 complex. 4, 24 At the same time, others have sought to use classical or semiclassical methods to understand features of the dissociation in the context of more conceptually transparent models. These efforts have met with mixed success. Waterland et al., developed a semiclassical model that reproduced many of the features of the ICl rotational distributions produced following fragmentation of HeICl. 26 This approach was also applied by Stephenson to the IBr fragment distributions that result from the dissociation of NeIBr ͑Ref. 27͒ and by NejadSattari and Stephenson to the dissociation of NeBr 2 . 28 For these species, the agreement of the semiclassical model ranged from excellent ͑NeIBr dissociation 27 ͒ to fair (NeBr 2 ). 28 ͑Nejad-Sattari and Stephenson explored the origin of this lack of consistent performance in a previous publication. 28 ͒ Common to both of these latter studies has been the appearance, at low values of the total energy available for fragment internal and translational excitation (E avl ), of long-lived ''orbiting resonance'' features in the classical dynamics. The possibility that these classical structures might have a counterpart in the quantum dynamics of NeBr 2 forms a principle motivation for this work; we summarize the classical results in more detail in Sec. II.
The quantum dynamics of rare gas/halogen complexes with low values of fragment energy have been examined previously. González-Lezana et al. investigated the excitation cross sections and fragment rotational distributions for a number of HeBr 2 vibrational levels. 22 They note the presence of very complicated structures in the energy dependent dissociation cross sections, and suggest that long-lived resonances in the dissociation continuum may be the cause. In a separate examination of the low energy dynamics of ArCl 2 , Janda et al. demonstrate that long-lived resonances are present in the continuum at low values of E avl , and suggest that these might be thought of as rotationally predissociative states. 24 The impact of the resonances is strongly dependent on the parameters used in the model intermolecular potential, with modest fine-tuning of the potential producing significant oscillation in the fragment rotational distributions and order of magnitude changes in the calculated dissociation lifetimes.
The NeBr 2 van der Waals molecule has been the subject of considerable experimental investigation. This species was first observed by Swartz et al. using laser-induced fluorescence excitation spectroscopy. 29 The excitation feature corresponding to vibrational levels vϭ11-30 in the B electronic state were observed with modest resolution. In higher resolution experiments, Janda and coworkers resolved the rotational structure associated with several B←X transitions in NeBr 2 and demonstrated conclusively that the molecule assumes a T-shaped equilibrium structure. 30, 31 Predissociation lifetimes were determined from an analysis of the homogeneous linewidths of the features observed. Most recently, Nejad-Sattari and Stephenson have reported on the Br 2 fragment rotational distributions that result from the dis-sociation of NeBr 2 . 28 This work considered dissociation channels resulting in the loss of one and two quanta of Br 2 vibrational excitation. Energetic constraints were found to limit the disposal of energy into the fragment rotational degree of freedom, as the distributions uniformly extended to the highest rotational level that is energetically possible. The abrupt termination of certain rotational distributions was used to refine the dissociation energy of NeBr 2 ; D 0 for the X state, vϭ0 was found to be 70.0Ϯ1.1 cm
Ϫ1
. 28 In this manuscript, we report on our quantum calculations on the dynamics of the NeBr 2 molecule in the B electronic state. In Sec. II, we briefly summarize the previous classical trajectory calculations that motivated this work, followed by a concise description of our computational methodology. In Secs. IV and V, we present the results of the calculations, and discuss the implications of this work in light of the abundant experimental and computational data on the dynamics of rare gas/halogen systems.
II. SUMMARY OF CLASSICAL CALCULATIONS
In the approach developed by Waterland et al., 26 and applied to NeBr 2 by Nejad-Sattari and Stephenson, 28 a rare gas/halogen van der Waals complex is assumed prepared in a quasibound state correlating with vibrational state v of an excited electronic state by laser excitation. The complex is then transferred to the repulsive wall of the van der Waals potential correlating with fragment vibrational level vϪ1. This transfer is assumed to occur instantaneously and without any consideration of the dynamics of the intramolecular vibrational coupling mechanism. The fragment rotational distribution then arises from the scattering of the rare gas atom from the repulsive wall of the van der Waals potential. The energy available to the fragments (E avl ) is then the diatomic vibrational spacing, less the dissociation energy of the complex. Exact classical trajectories propagated on the potential energy surface provide a unique value for the fragment rotational angular momentum for each initial condition. The initial conditions are sampled in accord with the known energetics of the dissociation and the amplitude of the rare gas/halogen quasibound wave function. Complete details of this method can be found in Refs. 27 and 28. This model, when applied to the IBr fragments that result from the dissociation of NeIBr, provided an excellent fit to the experimental fragment rotational distribution. 27 When the semiclassical model was applied, however, to the NeBr 2 complex, the agreement with the experimental Br 2 fragment rotational distributions was much less satisfying. 28 One of the intriguing results of the classical trajectory calculations on both NeIBr and NeBr 2 was the observation of ''orbiting resonance'' structures at relatively low values of fragment energy. 27, 28 Specifically, complexes dissociating near the threshold for loss of only one quantum of Br 2 ͑or IBr͒ vibrational excitation have small values of E avl . Under these circumstances, recoil of the fragments is far from prompt, with multiple encounters occurring with the repulsive wall of the rare gas/halogen intermolecular potential. The analysis of this phenomenon provided by Nejad-Sattari and Stephenson for NeBr 2 demonstrates that these resonances occur when the recoiling rare gas atom samples a region of high angular anisotropy in the intermolecular potential energy surface. 28 Since in Hamilton's equations of motion the angular anisotropy of the potential energy is associated with the time rate of change of the angular momentum, the result is excitation of the Br 2 rotational motion, counterbalanced by the orbital angular momentum of the Ne atom such that the total angular momentum is conserved. At high and moderate values of E avl , this effect is simply the classical origin of the calculated fragment rotational excitation. At low E avl , however, the degree of excitation of the diatomic fragment rotational angular momentum at short times in the trajectory is larger than that consistent with the total fragment energy at infinite separation. In other words, conservation of energy traps the fragments in the attractive portion of the intermolecular potential until a second collision with the repulsive wall serves to quench some of the fragment angular momentum. In Fig.  1 , we display a sample trajectory from these previous calculations, along with a plot of the Br 2 fragment rotational angular momentum as a function of time. The goal of the present calculations is to explore, using the same potential energy surface as employed in the classical calculations, the presence or absence of signatures in the quantum dynamics that resemble the classical ''orbiting resonances'' observed in the previous investigations. 
III. QUANTUM METHODOLOGY
The calculations presented in this manuscript follow the methodology described in detail by Halberstadt et al. 4 Briefly, we write the Hamiltonian operator for NeBr 2 as,
where r is the magnitude of the vector between the Br atoms, R is the magnitude of the vector between the Ne atom and the center of mass of Br 2 , and is the angle between these two vectors. The function W(r,R,) is the ''intermolecular'' potential energy for the motion of the Ne atom relative to the center-of-mass of Br 2 . The corresponding reduced mass is m. The Br-Br potential energy function is V Br 2 (r), and the reduced mass corresponding to this motion is . l and j are the angular momenta associated with R and r, respectively. In all of our work on NeBr 2 we assume that the total angular momentum Jϭ0, so that only even values of the Br 2 rotational quantum number ͑j͒ contribute to the calculation. The X electronic state initial bound wave function is expanded as The final ͑B electronic state͒ continuum wave function at energy E that yields Br 2 fragments in vibrational state v and rotational state j of the B electronic state is expanded as with the continuum wave function ⌿ f v jE , thus determining the probability of producing, at energy E, a Br 2 fragment described by v, j in the B electronic state. ͑The electronic transition dipole is assumed constant over the energy range in question.͒ The total cross section,
determines the photodissociation lineshape as a function of energy E. The distribution of fragment rotational and vibrational states is provided by,
Finally, the total photofragmentation cross section is determined by integration of the line shape,
͑6͒
In a typical calculation of an excitation profile, we include a total of 5 Br 2 vibrational basis functions (v c ) and 20-30 rotational states ( j c ) in each vibrational state. All of the j c values are even in light of the symmetry of the intermolecular potential and the restriction to Jϭ0. In general, the fragment quantum state distributions are more sensitive to the size of the basis set; we have checked the convergence of the fragment rotational and vibrational distributions by performing a limited number of calculations with a total of 6 vibrational functions. For low vibrational levels (vр22) the fragment distributions are fully converged ͑withinϮ5%͒. For higher vibrational levels, the rotational distributions are also fully converged, while the vibrational distributions are converged to withinϮ10%. When written in an expanded form, the expression for f v jE←i is given by,
where
is the standard vibrational overlap integral between the v ϭ0 level of the X electronic state in Br 2 and the vϭv c vibrational level in the B state. As discussed below, we use the sensitivity of the cross section to the Br 2 vibrational overlap to deduce the contribution of various Br 2 basis functions to the overall excitation line shape. The intermolecular potential used in this study is the same as that considered previously in classical trajectory studies of NeBr 2 . 28 Briefly, the Ne-Br 2 interaction is written as the sum of two Ne-Br interactions, with the latter modeled as Morse potentials. The Morse parameters chosen (D e ϭ42.0 cm Ϫ1 , ␣ϭ1.67 Å
Ϫ1
, R av ϭ3.90 Å) were found in previous work to provide the correct equilibrium separation between the Ne atom and the center of mass of the Br 2 , and the correct dissociation energy for the vϭ10 NeBr 2 complex. 28 Since the goal of the present study is to make comparisons between the classical and quantum dynamics supported by this potential, no attempt has been made to refine the potential to improve, for example, the agreement between experimental and calculated fragment rotational distributions.
IV. RESULTS
In Fig. 2 , we present the calculated photodissociation lineshape for vϭ10 NeBr 2 , along with the best fit Lorentzian profile. ͑Except as noted below, all calculations have been carried out on the Ne 79 Br 2 isotopic species.͒ The halfwidth of this line shape at half-maximum, 0.00674 cm Ϫ1 , allows one to calculate a photodissociation lifetime of 394 ps. These results are in excellent agreement with the highresolution spectroscopic study of Thommen et al. in which the lifetime broadening of the spectrum was found to dictate a lifetime of 355 ps. 31 Further, the maximum in the line shape occurs at Ϫ63.99 cm Ϫ1 ͑relative to the energy of v ϭ10 in uncomplexed Br 2 ), in excellent agreement with the experimentally determined D 0 of 64.3Ϯ1.1 cm Ϫ1 . 28 In Fig. 3͑a͒ , we display the calculated distribution of rotational populations for vϭ9 Br 2 fragments from the dissociation of vϭ10 NeBr 2 , along with the experimental data. 28 Qualitatively, the agreement is excellent, with the calculated distribution extending to the energetic limit for this dissociation channel ͑as does the experimental data͒. While it is clear that the calculations overestimate slightly the role of the rotational states between 10 and 20 ͑and correspondingly underestimate the population in the lowest rotational states͒, the agreement with the overall shape and extent of the distribution is remarkable given the crude form of the intermolecular potential. In addition, the calculations are restricted to Jϭ0 while the experimental distribution arises from excitation of an indeterminate number of total angular momentum states, with the exact number governed by the NeBr 2 rotational temperature in the free jet expansion, the degree of lifetime broadening, and the excitation laser bandwidth. In Fig. 3͑b͒ , the distribution of rotational populations calculated for vϭ14 fragments arising from the dissociation of v ϭ15 NeBr 2 is shown, along with the experimental data. Again, the agreement with the experimental data is qualitatively correct, suggesting that the calculations are properly accounting for the variation of the rotational distributions with available energy. (E avl ϭ67.7 cm Ϫ1 for vϭ9 fragments and 48.7 cm Ϫ1 for vϭ14 fragments. 28 ͒ Cline et al., carried out high-resolution measurements of a number of NeBr 2 excitation features, and used these data to extract predissociation lifetimes. 30 In Table I At higher vibrational levels, the quantum dynamics take on a different character. Beginning with vϭ21 (E avl ϭ25.6 cm Ϫ1 ), the line shapes are no longer well characterized by a single Lorentzian, and the fragment rotational distributions vary with excitation energy, even upon moving from low frequency side to the high frequency side of the same lineshape. These trends are continued for the highest vibrational levels for which dissociation in a ⌬vϭϪ1 process is energetically possible. In Figs. 4͑a͒ and 4͑b͒ , we display the excitation line shapes for the vϭ26 (E avl ϭ5.4 cm Ϫ1 ) and vϭ27 (E avl ϭ2.3 cm Ϫ1 ) NeBr 2 complexes.
For these vibrational levels, the non-Lorentzian character of the line shape is clear, and for vϭ27 two distinct resonances are present. The figures show, however, that the spectra are well represented by a sum of two Lorentzian line shapes. We have also examined the vϭ25 fragment rotational distributions arising at the energies of the two closely spaced resonances for vϭ27 NeBr 2 . In Fig. 5 , these distributions are compared, clearly demonstrating that the dynamics following excitation at these two energies differ in a significant way. As shown in Fig. 6 In Table II , we present the calculated fragment vibrational state distributions for Ne 79 Br 2 , along with the limited experimental data. 30 The vibrational distributions are consistent with the general ''energy gap'' result that ⌬vϭϪ1 fragmentation pathways are favored for all vibrational levels, except for those very near the energetic threshold for that dissociation channel. For vϭ27, we find that the probability of producing vϭ26 Br 2 fragments are distinctly different for the two separate peaks that we have identified in the excitation profile.
V. DISCUSSION

A. Dynamics at high values of E avl
As shown in Fig. 2 , for high values of E avl , the quantum calculations predict excitation features that are well represented by single Lorentzian line shapes. Further, the dependence of the linewidth on vibrational level is qualitatively in accord with the experimental data ͑Table I͒. For these vibrational states, the agreement of the calculated and experimental Br 2 fragment rotational distributions is nearly quantitative. We conclude from these examples that the model intermolecular potential is adequate to reproduce the gross trends in the experimental data. Clearly, however, refinement of the potential energy surface and/or thermal averaging over the manifold of rotational states prepared in the experimental investigations will be required to achieve quantitative agreement.
It is significant to note that the quantum calculations correctly reproduce the breadth of the Br 2 fragment rotational distributions. The premature truncation of the calculated fragment distributions was a fundamental failing of the classical trajectory model, as applied to NeBr 2 . 28 The origin, therefore, of this disparity lies in the assumptions inherent in the classical model and not in the failure of the potential energy surface to incorporate an adequate degree of angular anisotropy. This result reinforces the conclusion of NejadSattari and Stephenson, who noted that the classical model must fail whenever the kinematics of angular momentum transfer do not dominate the dynamics. 28 For many of the rare gas/halogen complexes, it is clear that energetic considerations are more important in determining the extent of rotational excitation. Clearly, the mechanisms by which the halogen fragment achieves a high level of rotational excitation are more subtle than provided in the classical model. Of particular note are ͑1͒ the absence, in the classical model calculations, of consideration of the mechanism of the intramolecular vibrational redistribution that must accompany the dissociation and ͑2͒ the restriction to a total angular momentum of zero. ͑Note, however, that the latter restriction also applies to the quantum calculations reported in this manuscript.͒
B. Dynamics at low values of E avl
The results displayed in Figs. 4-6 for low values of E avl are highly reminiscent of those presented by Halberstadt et al. in their examination of intramolecular vibrational redistribution ͑IVR͒ in ArCl 2 . 4 For this species, multiple Lorentzian line shapes are observed in the quantum calculations when the dissociation channel corresponding to the loss of only one halogen quantum vibration is energetically closed. The calculations of Halberstadt et al. clearly demonstrate that the origin of the multiple resonances is IVR in the small molecule limit-the optically active, quasibound level correlating with vibrational level v is coupled to a sparse manifold of ''dark'' states ͑also quasibound͒ that correlate with vϪ1. These ''dark'' states are then coupled to the v Ϫ2 dissociative continuum. The relative intensities of the multiple peaks are determined by the strength of the interaction between the optically active ͑''bright''͒ state and the ''dark'' states, and well as the degree of resonance between the ''bright'' and ''dark'' states. One signature characteristic of this phenomenon is ⌬vϭϪ2 rotational distributions that vary widely with slight changes in energy, as the variable identity of the intermediate ''dark'' state strongly influences the dissociation dynamics. 4 The significant difference between our present results and the ArCl 2 study summarized above is that for NeBr 2 , we observe multiple resonances and widely varying ⌬vϭϪ2 fragment rotational distributions when the ⌬vϭϪ1 dissociation channel remains energetically open, albeit with very limited amounts of energy available for fragment translational and rotational excitation. Thus, if judged by energy alone, there are no quasibound, intermediate ''dark'' states available to interact with the optically active level. The current calculations ͑and the classical results͒ suggest, however, that imbedded in the nominal dissociative continuum are states that have significant lifetimes, corresponding to fragments localized in the region of the attractive well in the intermolecular potential. To explore further the physical basis of these results, we have carried out two additional sets of calculations, as described below.
Limited basis set calculations
In a typical calculation of the vϭ27 resonance region ͓Fig. 4͑b͔͒, the basis set consists of 5 Br 2 vibrational wave functions, vϭ24-28. If it is true that some continuum states are partially localized in the intermolecular region, then these states may have sufficient overlap with the ground electronic state NeBr 2 wave function to generate an excitation spectrum. To test this hypothesis, we performed calculations in which the basis set was restricted to exclude the zeroth-order quasibound level. Specifically, we included only vϭ24, 25, and 26 in a calculation of the vϭ27 resonance, with the goal of determining whether the continuum states are localized in the attractive region of the intermolecular potential. The results of this calculation are shown in Fig. 7 , along the spectrum obtained in the full basis set calculation. The continuum only calculation shows clearly defined structure at the same energy as the smaller of the two resonances in the full calculation. We conclude from this result that the higher energy resonance in the full calculation results from an interaction between the quasibound optically active state and a longlived resonance imbedded in the nominal dissociative continuum. The continuum resonance appears at significantly higher intensity in the spectrum resulting from the full basis set calculation by borrowing intensity from the more dominant optically active quasibound state.
Confirmation of this result can be found when we consider the vϭ27 resonance in the Ne Br 2 , however, the continuum resonance is shifted to lie at the same energy as the higher energy resonance in the full calculation.
As noted previously, the rotational distributions calculated for the vϭ25 fragments that arise from dissociation of vϭ27 NeBr 2 are significantly different following excitation of the two resonances observed ͑Fig. 5͒. We interpret this result as arising from two different mechanisms for the dissociation. At the energy corresponding to the peak of the higher energy resonance, dissociation proceeds via coupling to an intermediate resonance in the continuum. This mechanism is common to both the Ne 79 Br 2 and Ne 81 Br 2 species. In Fig. 8͑a͒ , we display three different rotational distributions. Two of these distributions are simply those derived from full calculations on the two different isotopic species, and are nearly identical. The third distribution is obtained from the reduced basis set calculation at the energy of the higher energy peak for the Ne 79 Br 2 species. Clearly, all of these distributions are very similar, and this observation is evidence that excitation of NeBr 2 at the peak of the higher energy feature dissociates via the resonance identified in the reduced basis set calculation.
It is tempting to assign the lower energy resonance to dissociation via direct coupling to the dissociative continua ͑⌬vϭϪ1 and ⌬vϭϪ2). This assignment, however, is difficult to substantiate. We would expect the rotational distributions arising from direct coupling to be relatively smooth. Br 2 by approximately a factor of 2. The mechanism by which such widely varying lifetimes and erratic rotational distributions appear for the lower energy resonance remains unclear, but one possibility is quantum interference between two paths leading to vϭ25 fragments; ͑1͒ direct dissociation to the ⌬vϭϪ2 continuum; ͑2͒ indirect, stepwise dissociation via two ⌬vϭϪ1 processes. In this light, it is significant to note that, for excitation at the lower energy peak, the vibrational branching ratios are very different for the isotopic species, with 15 
Calculations with selective vibrational overlaps
We have noted, in Eqs. ͑7͒ and ͑8͒, the importance of the B←X Br 2 vibrational overlap integrals in modulating the overall excitation cross section. Thus, we have an opportunity to explore the contributions of the various vibrational basis functions to the quasibound NeBr 2 wave function. Since the NeBr 2 ground electronic state, vϭ0 bound state wave function is localized in the region of the attractive well in the intermolecular potential, the photofragmentation cross section is greater than zero only when the quasibound, B electronic state wave function has non-zero amplitude in that same region. In a zeroth order picture, only one vibrational basis function contributes to the NeBr 2 wave function. If, for example, we consider the vϭ10 vibrational level of NeBr 2 in the B state, a first approximation is to consider that only the vϭ10 Br 2 vibrational basis function contributes to the quasibound wave function. The results of the full calculation of this excitation profile are shown in Fig. 2 . We have also performed a second calculation on vϭ10 NeBr 2 , however, in which the full basis is used, but the vibrational overlap integral for the Br 2 ͑10,0͒ B←X transition is set to 0. Thus, we can deduce the relative contributions of the vϭ10 and v 10 vibrational basis functions to the NeBr 2 wave function in the region of the attractive well in the intermolecular potential. For vϭ10, we find that setting the ͑10,0͒ overlap integral to 0 results in a decrease in the integrated photofragmentation cross section by a factor of 3.8ϫ10 5 , though the overall appearance and linewidth of the excitation feature is unchanged. As expected, the basis functions with v 10 make only a small contribution to the photofragmentation cross section. This result suggests that when E avl is high, the oscillator strength in the excitation is carried nearly exclusively by the zeroth order quasibound wave function.
This situation becomes significantly more complicated as v increases (E avl decreases͒. Specifically, for vibrational level vϭv 0 in NeBr 2 , the contribution of the v v 0 basis functions increases sharply with increasing v 0 . For v 0 ϭ27, the decrease in the integrated photofragmentation cross section ͓when the ͑27,0͒ Br 2 B←X vibrational overlap integral is set to 0͔ is only 2100, when both the higher and lower energy peaks are considered. In addition, the impact of setting the vϭ27 vibrational overlap to zero is more significant for the lower energy feature than the higher energy feature. This result is consistent with our premise that the higher energy peak represents excitation of ''continuum'' states with significant amplitude in the optically accessible region of the intermolecular potential energy surface.
Finally, the behavior that we have identified in NeBr 2 is quite similar to that explored by González-Lezana et al. in their quantum calculations on HeBr 2 ͑Ref. 22͒ and Janda et al. on ArCl 2 . 24 Specifically, in HeBr 2 , excitation just below the energetic closing of the ⌬vϭϪ1 dissociation channel (vϭ43), results in excitation features that contain multiple peaks. In addition, the fragment rotational distributions are quite structured, and vary for the two principle peaks in the excitation spectrum, just as we observe for NeBr 2 ͑Fig. 5͒. In ArCl 2 , Janda et al. examined the dependence of the calculated vibrational predissociation lifetime on small variations in the potential parameters at energies when the ⌬v ϭϪ1 dissociation channel is open, but with low values of E avl . The striking result is that some values of the potential parameters result in lifetimes that are extraordinarily long. These workers show that the anomalous lifetimes arise from a degeneracy of the initially excited state with a long-lived resonance in the ⌬vϭϪ1 continuum. Further calculations suggest that the resonance originates from rotationally predissociative states in the ⌬vϭϪ1 manifold-states that are trapped by an effective centrifugal barrier to dissociation. 24 The previously described classical calculations on the dissociation of NeBr 2 support the rotational predissociation mechanism, 28 but generalize it to include states that achieve a high degree of fragment rotational excitation, albeit temporarily. These states are not necessarily confined by a centrifu-gal barrier, but have long lifetimes because they contain energy that is momentarily stored in rotational channels that are asymptotically closed. The current quantum calculations on NeBr 2 do not allow us to further illuminate the mechanism that gives rise to the continuum resonances. Our results demonstrate, however, that the presence of long-lived resonances at low energies in the dissociative continuum may be a general phenomenon for rare gas/halogen van der Waals complexes.
VI. CONCLUSIONS
These calculations provide a semiquantitative test of the simplified potential energy surface used in previous investigations of the dissociation of NeBr 2 . 28 While the agreement with the experimental data is not perfect, the accuracy is sufficient to conclude that the failings identified in previous classical trajectory studies are fundamental to that approach, and do not reflect any gross inadequacy of the potential energy surface. It is not possible to conclude a definitive link between the orbiting resonances observed in the classical trajectory calculations, and the quantum dynamics discussed in this paper. We believe that the data strongly suggest that the features in the classical dynamics do have a quantum mechanical analog. A more conclusive link could be established by direct examination of the quantum mechanical wave functions at low energies of E avl . Wave packet studies may provide this link, and would be of considerable assistance in deducing the value of the classical calculations in identifying dynamical properties of experimental importance.
